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(54) Title of the Invention PRINT ANTENNA 
(57)Abstract 

PURPOSE: To widen the band, to dispense with the overall combination adjustment after manufacture, and 
also, to decrease deterioration of the antenna gain. 

CONSTITUTION: By using a copper foil on the upper face of a double-sided board 1 having the copper 
foil on both faces, an antenna conductor layer 2' is formed, and by using the copper foil on the lower face 
side, a ground- conductor layer 3 is formed. An insulating material part between the upper and the lower 
copper foil parts of the double-sided board 1 is used as a dielectric layer 4. A loop-like conductor part of an 
antenna conductor layer 2 and the earth conductor layer 3 are connected by plural ground conductors 5. 
Also, a feeding conductor 6 is allowed to face the inside of the loop-like conductor part of the antenna 
conductor layer 2' through the dielectric layer 4 from a feeding part 7. Between the feeding conductor 7 and 
the loop-like conductor part, a series resonance circuit consisting of an inductance component for widening 
the band width and a capacitance component is provided. The inductance component is formed by a spiral 
conductor part 22, and the capacitance component is formed by a comb-shaped conductor part 23. 



[Claim 1) copper foil by the side of the whole surface of a double-sided substrate which has copper foil to 
both sides — using — at least — a loop-like conductor, while forming an antenna conductor layer containing 
the section On the other hand, form a ground conductor layer using near copper foil, and the insulating 
material section between the vertical copper foil sections of a double-sided substrate is used as a dielectric 
layer. Insulate with this ground conductor layer and the feed section is formed in the above-mentioned 
ground conductor-layer side by copper foil. It connects with a conductor, a conductor of the shape of a loop 
of an antenna conductor layer - the section and a ground conductor layer - a dielectric layer - minding - 
an object for touch-down - Circles are made to attend, the feed section to a dielectric layer - minding - an 
object for feed - a conductor - a loop conductor of the above - the above-mentioned object for feed - a 
conductor and a loop conductor of the above - a print antenna characterized by preparing between the 
sections a series resonant circuit which consists of an inductance element which negates a reactance of the 
main part section of an antenna, and broadband-izes bandwidth, and a capacitance element, and coming. 
[Claim 2] A print antenna according to claim 1 which makes it spiral and is characterized for copper foil by 
the shape of JIGUZAKU, and forming the above-mentioned inductance element and changing. 
[Claim 3] A print antenna according to claim 1 which makes copper foil the shape of the shape of a 
ctenidium, and parallel lines, and is characterized by forming the above-mentioned capacitance element and 
changing. 

[Claim 4] A print antenna according to claim 1 characterized by changing using a chip as an inductance 
element or a capacitance element. 

[Claim 5] the above-mentioned object for touch-down - a number, a location, or a diameter of a conductor 
- adjusting - a conductor of the shape of a loop of the above-mentioned series resonant circuit — a print 



Claims 



antenna according to claim 1 characterized by adjusting an impedance of inlet connection with the section 
and changing. 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the print antenna which is a kind of the micro stripe form 

antenna formed using a double-sided substrate. 

[0002] 

[Description of the Prior Art] The print antenna which is a kind of the micro stripe form antenna formed in 
both sides using the so-called double-sided substrate which is a printed circuit board which has copper foil 
is offered. Though it is small and a thin shape, since the repeatability of electrical characteristics is good 
with improvement in photo etching technology, this print antenna has the features of a property being 
uniform and excelling in mass production nature, and is widely used for migration communication 
equipment. Many reverse F form print antennas which that a dimension is small shows especially to 
drawing 4 as an antenna for portable telephones demanded are used. 

[0003] With the reverse F form print antenna shown in this drawing 4 , the antenna conductor layer 2 is 
formed in both sides using the copper foil by the side of the upper surface of the double-sided substrate 1 
which has copper foil, the ground conductor layer 3 is formed using the copper foil by the side of an 
underside, and the insulating material section between the vertical copper foil sections of the double-sided 
substrate 1 is used as a dielectric layer 4. between the above-mentioned antenna conductor layer 2 and the 
ground conductor layers 3 — a through hole hole — connecting — this through hole hole — the object for 
touch-down — it has considered as the conductor 5. moreover, it is shown in drawing 4 (b) at the ground 
conductor-layer 3 side - as - this ground conductor layer 3 - insulating - copper foil - the feed section 7 
- forming — **** — between the above-mentioned antenna conductor layer 2 and the feed sections 7 — a 
through hole hole - connecting — this through hole hole - the object for feed - it has considered as the 
conductor 6. With this reverse F form print antenna, it can consider as the built-in antenna for small thin 
portable telephones according to the wavelength compaction effect of a dielectric layer 4. 
[0004] By the way, there is a reverse F form print antenna of the compaction type which shows this kind of 
reverse F form print antenna to drawing 5 as what was miniaturized further, the reverse F form print 
antenna of this drawing 5 — the antenna conductor layer 2 - a JIGUZAKU-like (configuration which 
turned up both rectangular ****** at multiple-times right angle) loop - it considers as a conductor (it is 
hereafter called loop-like antenna conductor-layer 2'). With this compaction type of reverse F form print 
antenna, since the inductance component of loop-like antenna conductor-layer 2' is loaded, compared with 
the thing of drawing 4 , a dimension can be shortened or less to 1/2. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when it is small and a reverse F form print antenna 
is made into a thin shape as mentioned above, there is a defect which the bandwidth of an antenna becomes 
narrow and goes in connection with it. For example, the case where a 820MHz antenna is manufactured 
using drawing 4 and each reverse F form print antenna of drawing 5 is explained. The dielectric constant 
epsilon of a dielectric layer 4 manufactures the reverse F form print antenna of drawing 4 by 3.5 here using 
the double-sided substrate 1 whose magnitude is the vertical 30x width 30x thickness of 5mm. Similarly the 
dielectric constant epsilon of a dielectric layer 4 by 3.5 When magnitude manufactures the reverse F form 
print antenna of drawing 5 with the double-sided substrate 1 which is the vertical 30x width 15x thickness 
of 5mm, with the reverse F form print antenna of drawing 4 Standing-wave ratio (VSWR) = the bandwidth 
of 2 is about 40MHz and the bandwidth of VSWR=2 serves as about 20MHz and a narrow-band with the 
compaction type reverse F form print antenna of drawing 5 . 

[0006] However, recently, according to buildup of mobile communication need, when a frequency 
allocation bandwidth is an antenna for breadth, especially portable telephones, in addition to a 
microminiaturization, want of broadband-izing has become strong. Conventionally, there is a reactance 
compensating method as a method of broadband-izing bandwidth. It explains briefly [ below ] about this 
reactance compensating method. 

[0007] The impedance pair frequency locus of the above-mentioned reverse F form print antenna is similar 
with the impedance pair frequency locus of a parallel resonant circuit on the frequency near the resonance 
point. Continuous line I in drawing 6 has shown an example of the frequency characteristic (impedance pair 
frequency locus) of the impedance of a reverse F form print antenna. That is, resonance frequency fO An 
inductance component is presented to a center by the low frequency side, and the capacitance component is 
presented in the RF side. 



[0008] here - the antenna conductor layer 2, the ground conductor layer 3, a dielectric layer 4, and the 
object for touch-down - although alternate long and short dash line RO in drawing 6 comes to show the 
frequency characteristic of the impedance of the antenna section which consists of a conductor 5 - the 
object for feed - in order for the inductance component of a conductor 6 to join a serial at the 
above-mentioned antenna section, as the whole shows by continuous line I in this drawing, it inclines 
toward the inductance side. 

[0009] A reactance compensating method negates such a reactance component, and acquires a broadband 
property. For example, what is necessary is to connect to the feed side of the antenna section at a serial the 
series resonant circuit which shows the frequency characteristic and the reverse property of this reactance 
component, to negate a reactance component, and just to broadband-ize, supposing the frequency 
characteristic of only the reactance component of the antenna section shown with the alternate long and 
short dash line in drawing 6 shows drawing 7 (a). 

[0010] What is necessary is just to use what specifically has the frequency characteristic of the reactance 
component shown in drawing 7 (b) as the above-mentioned series resonant circuit. That is, for this series 
resonant circuit, the above-mentioned antenna section and resonance frequency are fO. It is the same and is 
this resonance frequency fO. A capacitance component is presented to a center by the low frequency side, 
and an inductance component is presented in a RF side. And it is fL, for example as representation 
frequency by the side of low frequency and a RF. And fH When it chooses, they are each frequency fL and 
fH. Q of a series resonant circuit is set up so that it may set and a sign may become [ the reactance 
component of the antenna section of drawing 7 (a), and the absolute value of a reactance ] equal reverse. 
[0011] Since the result at the time of applying a reactance compensating method is serial composition of 
the frequency characteristic of the reactance component of drawing 7 (a) and drawing 7 (b), the result 
comes to be shown in drawing 7 (c), and the reactance component after composition serves as a low value 
over the broadband enough. However, in the former, since the above-mentioned series resonant circuit as a 
reactance compensating circuit was prepared separately from a print antenna, there was a defect that 
synthetic combination adjustment was required after a fabrication of a print antenna. Moreover, since the 
general electrical circuit serves as low Q layout, the printed circuit board which used the large substrate 
material of dielectric loss unlike the print antenna is used in many cases. When the series resonant circuit 
was formed by such printed circuit board, loss of a series resonant circuit became large and there was a 
defect of causing lowering of the antenna gain by the insertion loss of a series resonant circuit. 
[0012] It is a broadband, and the combination adjustment synthetic after a fabrication of the place which 
succeeds in this invention in view of an above-mentioned point, and is made into the object is unnecessary, 
and is to offer the print antenna which can lessen lowering of antenna gain. 
[0013] 

[Means for Solving the Problem] copper foil by the side of the whole surface of a double-sided substrate 
which has copper foil to both sides in this invention in order to attain the above-mentioned object ~ using — 
at least — a loop-like conductor, while forming an antenna conductor layer containing the section On the 
other hand, form a ground conductor layer using near copper foil, and the insulating material section 
between the vertical copper foil sections of a double-sided substrate is used as a dielectric layer. Insulate 
with this ground conductor layer and the feed section is formed in the above-mentioned ground 
conductor-layer side by copper foil. It connects with a conductor, a conductor of the shape of a loop of an 
antenna conductor layer — the section and a ground conductor layer ~ a dielectric layer - minding - an 
object for touch-down - Circles are made to attend, the feed section to a dielectric layer - minding - an 
object for feed - a conductor ~ a loop conductor of the above - the above-mentioned object for feed - a 
conductor and a loop conductor of the above - a series resonant circuit which consists of an inductance 
element which negates a reactance of the main part section of an antenna, and broadband-izes bandwidth 
between the sections, and a capacitance element is prepared. 

[0014] Moreover, what is necessary is to make copper foil into the shape of the shape of JIGUZAKU, and a 
swirl, for example, and just to form the above-mentioned inductance element. Furthermore, what is 
necessary is to make copper foil into the shape of the shape of a ctenidium, and parallel lines, and just to 
form the above-mentioned capacitance element. When making occupancy area of a series resonant circuit 
still smaller, a chip may be used as an inductance element or a capacitance element further again. 
[0015] moreover, the above-mentioned object for touch-down - a number, a location, or a diameter of a 
conductor - adjusting - a conductor of the shape of a loop of the above-mentioned series resonant circuit 
- an impedance of inlet connection with the section can be adjusted. 
[0016] 

[Function] This invention by having the series resonant circuit which consists of an inductance element 



which negates the reactance of the main part section of an antenna as mentioned above, and broadband-izes 
bandwidth, and a capacitance element By broadband-izing bandwidth using a reactance compensating 
method, and moreover forming the above-mentioned series resonant circuit in a print antenna at one By 
forming a series resonant circuit on the double-sided substrate of the low loss which does not need the 
synthetic combination adjustment after a fabrication of a print antenna, and constitutes a print antenna like 
[ in the case of forming a series resonant circuit separately ] The insertion loss of a series resonant circuit is 
lessened and lowering of antenna gain is lessened. 
[0017] 

[Example] One example of this invention is shown in drawing 1 and drawing 2 . Since this example is the 
same as the reverse F form print antenna of the compaction type which applied this invention to the 
compaction type reverse F form print antenna, and was explained by drawing 5 in basic configuration, the 
same sign is attached about the same configuration and explanation is omitted. 

[0018] With the compaction type reverse F form print antenna of this example The section 21 is formed, 
the edge of the earth side and the opposite hand of loop-like antenna conductor-layer 2' — broad - carrying 
out ~ the object for capacity loading - a conductor -- the object for feed - the interior of loop-like antenna 
conductor-layer 2' is faced the edge by the side of the antenna conductor layer 2 of a conductor 6 - making 

- this object for feed — between a conductor 6 and loop-like antenna conductor-layer T spiral as an 
inductance element — a conductor ~ the shape of a ctenidium as the section 22 and a capacitance element — 
a conductor — the series resonant circuit which consists of the section 23 - forming - further — the object 
for touch-down - the feature is in a point equipped with three conductors 5. 

[0019] drawing 1 (b) — the electric equal circuit of drawing 1 (a) ~ it is ~ LI in drawing the inductance 
component of antenna conductor-layer 2* - it is - L2 ~ the object for touch-down - the inductance 
component of a conductor 5, and CI -- the object for capacity loading - a conductor - the capacitance 
component of the section 21 and antenna conductor-layer 2', and L3 spiral ~ a conductor — the inductance 
component of the section 22, and C2 the shape of a ctenidium - 

[0020] Here, it is the tuning frequency (resonance frequency) fO of an antenna. It is decided by (L1+L2) 
and CI. and capacitance component C2 And inductance component L3 a reactance compensating method ~ 
the antenna conductor layer 2, the ground conductor layer 3, a dielectric layer 4, and the object for 
touch-down — it is the series resonant circuit which negates the reactance component of the antenna section 
which consists of a conductor 5, and broadband-izes bandwidth, here, it mentioned above — as — this series 
resonant circuit ~ that resonance frequency - resonance frequency fO of the antenna section the same - 
choosing »****-- and this series resonant circuit and the object for feed - the frequency characteristic 
and the reverse property of a reactance component of the antenna section except a conductor 6 are shown. 
In addition, C2 / L3 which determines the connection location P with antenna conductor-layer 2* of this 
series resonant circuit, and Q of a series resonant circuit A ratio is chosen the optimal according to the 
property of the antenna section so that a reactance component may be negated, in order [ furthermore, ] to 
stop low the impedance in the connection location P to antenna conductor-layer 2 1 of a series resonant 
circuit — the object for touch-down — three conductors 5 are formed, here — the impedance in the 
connection location P to antenna conductor-layer 2' of a series resonant circuit - the object for touch-down 

- it can adjust easily by fluctuating the number of conductors 5. in addition, the object for touch-down - 
the diameter or location of a through hole hole which forms a conductor 5 can be changed, and can also be 
adjusted. 

[0021] The frequency characteristic of the impedance of the print antenna of this example comes to be 
shown in drawing 2 (a). That is, an impedance locus encloses the center of a Smith chart, it is rotating one 
time and being broadband-ized is shown. Here, as the standing-wave ratio property at the time of 
manufacturing a 820MHz antenna using the double-sided substrate 1 whose dielectric constant epsilon is 
3.5 and whose size is 35x15x5mm was shown in drawing 2 (b), in VSWR=2, it became the bandwidth of 
40MHz, and the same bandwidth as the reverse F form print antenna which is not the compaction type of 
drawing 4 was obtained. 

[0022] by the way, spiral in the inductance component of the series resonant circuit which performs 
reactance compensation in an above-mentioned case ~ a conductor ~ although considered as the section 22 

- the shape of zigzag — a conductor — you may form — moreover, a capacitance component — the shape of 
a ctenidium ~ a conductor - instead of [ of the section 33 ] - parallel - a line ~ it is good also as a 
conductor. Thus, by making into the antenna section and one the series resonant circuit which 
broadband-izes bandwidth in this example, and forming a print antenna, it is expectable that can attain 
broadband-ization by the design stage in a form including a series resonant circuit, do not need the 
synthetic combination adjustment after a fabrication of a print antenna like [ in the case of moreover 



forming a series resonant circuit separately ], and the yield of a product becomes good. Moreover, since the 
above-mentioned series resonant circuit is formed in the free space of loop-like antenna conductor-layer 2', 
the excessive space for series resonant circuits becomes unnecessary, and it can be miniaturized. 
[0023] Furthermore, since the series resonant circuit is constituted on the low loss double-sided substrate, 
loss of the series resonant circuit itself can be lessened and lowering of the antenna gain based on the 
insertion loss of this series resonant circuit can be lessened. In addition, loss of the series resonant circuit at 
the time of manufacturing a 820MHz antenna using the double-sided substrate 1 whose dielectric constant 
epsilon is 3.5 and whose size is 35x15x5mm as mentioned above was 0.5dB or less. 
[0024] By the way, in the above-mentioned case, the inductance component and capacitance component of 
a series resonant circuit were formed using the copper foil of the double-sided substrate 1, but as shown in 
drawing 3 , the chip inductor 24 and the chip capacitor 25 may be used. In this case, occupancy area of a 
series resonant circuit can be made very small. 
[0025] 

[Effect of the Invention] the copper foil by the side of the whole surface of the double-sided substrate with 
which this invention has copper foil to both sides as mentioned above - using — at least — a loop-like 
conductor, while forming the antenna conductor layer containing the section On the other hand, form a 
ground conductor layer using near copper foil, and the insulating material section between the vertical 
copper foil sections of a double-sided substrate is used as a dielectric layer. Insulate with this ground 
conductor layer and the feed section is formed in the above-mentioned ground conductor-layer side by 
copper foil. It connects with a conductor, the conductor of the shape of a loop of an antenna conductor layer 
- the section and a ground conductor layer - a dielectric layer ~ minding ~ the object for touch-down - 
Circles are made to attend, the feed section to a dielectric layer ~ minding ~ the object for feed — a 
conductor — the loop conductor of the above — the above-mentioned object for feed — a conductor and the 
loop conductor of the above, since the series resonant circuit which consists of an inductance element 
which negates the reactance of the main part section of an antenna, and broadband-izes bandwidth between 
the sections, and a capacitance element is prepared Since bandwidth can be broadband-ized using a 
reactance compensating method and the above-mentioned series resonant circuit is moreover formed in the 
print antenna at one Since the series resonant circuit is formed on the double-sided substrate of the low loss 
which does not need the synthetic combination adjustment after a fabrication of a print antenna, and 
constitutes a print antenna like [ in the case of forming a series resonant circuit separately ] The insertion 
loss of a series resonant circuit can be lessened and lowering of antenna gain can be lessened. 

[Brief Description of the Drawings] 

[Drawing 1] (a) and (b) are the perspective diagram showing the compaction type reverse F form print 
antenna as one example of this invention, and its representative circuit schematic. 

[Drawing 2] (a) and (b) are explanatory drawings of the Smith chart and standing-wave ratio property 
which show an impedance characteristic same as the above. 
[Drawing 3] It is the perspective diagram of other examples. 

[Drawing 4] (a) and (b) are the perspective diagrams and cross sections showing the conventional reverse F 
form print antenna. 

[Drawing 5] It is the perspective diagram showing a reverse F form print antenna conventional compaction 
type. 

[Drawing 6] It is the Smith chart showing an impedance characteristic same as the above. 
[Drawing 7] It is explanatory drawing of a reactance compensating method. 
[Description of Notations] 

1 Double-sided Substrate 

2 2' Antenna conductor layer 

3 Ground Conductor Layer 

4 Dielectric Layer 

5 Object for Touch-down - Conductor 

6 Object for Feed - Conductor 

7 Feed Section 

22 Spiral — Conductor - Section 

23 the Shape of a Ctenidium - Conductor - Section 
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